Background: The genome-wide expression profile of genes in different tissues/cell types 17 and developmental stages is a vital component of many functional genomic studies. 18 Transcriptome data obtained by RNA-sequencing (RNA-Seq) is often deposited in public 19 databases that are made available via data portals. Data visualization is one of the first steps 20 in assessment and hypothesis generation. However, these databases do not typically include 21 visualization tools and establishing one is not trivial for users who are not computational 22 experts. This, as well as the various formats in which data is commonly deposited, makes the 23 processes of data access, sharing and utility more difficult. Our goal was to provide a simple 24 and user-friendly repository that meets these needs for datasets from major agricultural 25 crops. 26 2 Description: AgriSeqDB (https://expression.latrobe.edu.au/agriseqdb), is a database for 27 viewing, analysing and interpreting developmental and tissue/cell-specific transcriptome data 28 from several species, including major agricultural crops such as wheat, rice, maize, barley 29 and tomato. The disparate manner in which public transcriptome data is often warehoused 30 and the challenge of visualizing raw data are both major hurdles to data reuse. The popular 31 eFP browser does an excellent job of presenting transcriptome data in an easily interpretable 32 view, but previous implementation has been mostly on a case-by-case basis. Here we 33 present an integrated visualisation database of transcriptome datasets from six species that 34 did not previously have public-facing visualisations. We combine the eFP browser, for gene-35 by-gene investigation, with the Degust browser, which enables visualisation of all transcripts 36 across multiple samples. The two visualisation interfaces launch from the same point, 37 enabling users to easily switch between analysis modes. The tools allow users, even those 38 without bioinformatics expertise, to mine into datasets and understand the behaviour of 39 transcripts of interest across samples and time. We have also incorporated an additional 40 graphic download option to simplify incorporation into presentations or publications. 41 Conclusion: Powered by eFP and Degust browsers, AgriSeqDB is a quick and easy-to-use 42 platform for data analysis and visualization in five crops and Arabidopsis. Furthermore, it 43 provides a tool that makes it easy for researchers to share their datasets, promoting research 44 collaborations and dataset reuse. 45
48
Background 49 RNA-sequencing (RNA-Seq) is currently the preferred technology for genome-wide 50 transcriptional profiling due to its combined ease of use, quality of data and suitability for a 51 diverse range of applications [1, 2] . Recent advances in next generation sequencing (NGS) 52 technologies coupled with decreases in the cost of sequencing have resulted in collection of 53 3 large volumes of RNA-Seq data from many species [3, 4] . These data are typically deposited 54 in online repositories in formats that are text and/or table-based. Visualization of data is a key 55 early step in transcriptomic analysis for many biologists, allowing examination of data quality, 56 as well as rapid interrogation of leads and hypothesis generation. Many researchers who 57 wish to investigate public transcriptome data are not computational experts, for whom 58 transferring data from the format of online repositories to visualization tools is challenging. 59
This creates a barrier to data reuse. The eFP browser, which was first developed for in silico 60 gene expression analysis in Arabidopsis, is an excellent piece of software to display 61 transcriptome data visually [5] . At the time of writing, 20 plant transcriptome datasets are 62 available publicly in dedicated eFP browsers [http://bar.utoronto.ca, 5-17]. Degust is a web-63 based data visualization tool that provides different functionality from eFP functionality 64 (https://github.com/drpowell/degust). It enables users to view all transcripts form all 65 experiments in an experiment, examine trends between samples, to visualize quality-control 66 metrics and to drill down into subsets of transcripts with expression patterns of interest. 67
These two data browsers could be integrated to provide users with an easy to use tool for 68 accessing and analysing multiple datasets and, by developing some enhanced functionality, 69 they could be used for data download and to generating quality images for presentations or 70 publications. 71 RNA-Seq is often performed at whole plant or organ level using samples that are 72 composed of different tissues and cell types. This approach masks cell-or tissue-specific 73 information about transcripts, which is important to understand spatial-regulation and 74 functions of genes [18, 19] . Spatial resolution is also important to capture transcripts that are 75 expressed at extremely low levels in specific cell types and that are consequently below the 76 limit of detection in bulk samples of tissues [2] . Temporal gene expression data is also an 77 important tool, which can be used to investigate the mechanisms of genome regulation and 78 to understand the relationships between development and gene function [20] . These 79 approaches have been used in functional studies aimed at deciphering regulatory and 80 structural gene networks of diverse plant species, including forest trees and major crops 81 4 such as wheat (Triticum aestivum), rice (Oryza sativa), maize (Zea mays), barley (Hordeum 82 vulgare), and tomato (Solanum lycopersicum) [21] [22] [23] [24] [25] [26] [27] . 83
Here we present AgriSeqDB (https://expression.latrobe.edu.au/agriseqdb), a web-84 based resource that can serve as a public portal for accessing, analysing and visualizing 85 tissue and cell-specific transcriptome dataset from multiple species. Our focus in this 86 implementation is primarily upon transcriptome datasets during the development of seeds The main structure of AgriSeqDB is described in Fig. 1 . It consists of a landing portal that is 97 implemented using an HTML frontend and Python/Django backend to present all datasets 98 and associated meta-data to users. The landing portal allows the user to discover the 99 datasets and navigate to data viewers of interest. The existing eFP browser, which has 100 HTML (frontend) and Python (backend) tools, was selected in order to allow users to view 101 expression data on a gene-by-gene basis [5] . Additionally, the existing tool Degust, is 102 included to allow viewing of expression profiles across all (or a subset of) genes at once [28] . 103
Degust uses an HTML/Javascript frontend and Haskell backend. Both tools were linked and 104 wrapped within the Landing Portal to ensure that users receive a consistent look and feel 105 when using the portal and each viewer ( Table 1 ). Users of AgriSeqDB can view data directly 122 from database server without the need to download it and then install/configure a viewer to 123 visualise it. The datasets were generated in six studies of seeds or fruit. The first is a study 124 we conducted of transcriptome changes in whole Arabidopsis seeds during germination, 125 which provides a useful reference due to this species' high-quality genome sequence and 126 annotation [20] . Additionally, we displayed five datasets from major agricultural crops. These Utility and discussion 136 Our goal was to develop a publically accessible transcriptome database that provides simple 137 and readily available tools to perform functional analysis of individual target genes or sets of 138 genes. AgriSeqDB is a highly interactive and multi-view database that can be used for 139 various purposes, including the discovery of genes of interest. Users of AgriSeqDB can view 140 data directly from database server without the need to download it and then install/configure 141 a viewer to visualise it. However, we provide the option for advanced users to download and 142 install their own database for custom datasets. 143 144
GeneView (eFP) 145
AgriSeqDB also allows users to get a better understanding of individual genes of interest, by 146 inspecting them within GeneView (eFP) (Fig. 3) . This incorporates the full existing 147 functionality of eFP [5] . Users can visualise expression of transcripts across all samples so 148 that they may consider the relationships between samples (i.e. growth stage, tissue type, 149 various treatments). Additionally, we incorporated an additional image download function, not 150 presentations or publications (Fig. 4 ). This is done by single clicking of the Download button 152 Users are presented with a simple interface to query all genes using GeneExplore (Degust) 156 ( Fig. 5a ). Extensive existing functionality is available to users within Degust [28] . Filters can 157 be created on the data based upon expression levels in individual samples, false discovery 158 rate (FDR) and Log2 fold-change cut-off. Sub-sets of samples or transcripts can be selected 159 for analysis can be analysed and the sample for referencing fold-change can be selected. 160
MA plots of comparisons between pairs of samples can be displayed (Fig. 5b ). Data quality 161 metrics can be assessed by inspecting whether the replicates of each sample group together 162 7 in the multidimensional scaling (MDS) plot (Fig. 5c ). Data tables can also be downloaded for 163 selected transcripts in .csv format for downstream analyses. 164 165
Data-set Administration (Advanced Usage Case) 166
One key inclusion to AgriSeqDB is the data-set administration tool, available to advanced 167 users upon download and install of their own AgriSeqDB. eFP browser did not contain an 168 interface to upload data, so configuration required much manual interaction. We believe AgriSeqDB will be an important resource and data-reuse tool for plant biologists 177 who seek greater insights into the role of individual genes or group of genes in biological 178 processes, including for comparative studies in crop species of major agricultural importance. 179
The databases will be periodically updated with more viewers and datasets, focusing on 180 additional tissue and cell-specific datasets from crop species. The database currently 181 contains results of RNA-Seq from different tissues and cell types, and it is planned that 182 transcriptome data from single cell RNA-Seq will be added in the future. In the long term it is 183 envisaged that users will be provided with links to GEO auto-download and view as well as 184 allowed to upload datasets at least temporarily. All source code is freely available for reuse 185 by advanced users. University), whose software we utilised and extended here. We also thank them for their 200 advice when establishing our database. We thank all members of the teams who generated 201 the data we have displayed in AgriSeqDB, who are too numerous to list here. We thank 202 with the method of analysis (voom/limma, edgeR, or voom). In the top right, the user can 257 control the rendering and thresholds of using the options dialog. All genes that match filters 258 above are shown in a heat-map, which clusters genes with similar levels of expression 259 (Middle panel). Running the mouse-over each gene highlights it in the plots above. Table  260 showing all matching genes in tabular format with the expression levels for each sample, 261
false discovery rate and any extra annotation columns provided in the dataset (Lower panel). 262
In the top centre the user can limit genes by using 1 of 3 interactive plots, and the parallel 263 coordinates plot allows the user to limit genes by their log fold gene expression (per sample). (3) compare, counts as a ratio between the primary and secondary genes. Clicking the view 365 button updates the figure below to show the expression levels of each sample by colour 366 coding the fill area with a scale red-yellow (for absolute) and red-grey-blue (for relative and 367 compare). Alternatively, the user can click the download button (indicated by a green 368 arrowhead) to download the expression image at twice the resolution as shown on-screen 369 (ready for publication) as shown in Fig. 4 . Data is from transcriptome of Arabidopsis seeds 370 during germination [20] . 371 
